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Isabelle Wingate
Determining if Active Galactic Nuclei (AGN) Jets Can Survive the Cold Fronts of Merger
Galaxies
ABSTRACT
Galaxy clusters provide us with a unique probe to study the way black holes interact with their
environment. Most galaxies have a supermassive black hole in their center. As matter falls into
the black hole, some of it gets consumed and some of it gets shot back out to form jets that blow
up bubbles in the surrounding gas which can be observed by the Chandra X-Ray observatory.
Also, these galaxies can collide with one another producing spiral shaped structures known as
cold fronts. The bubbles should rise out through the cold front; but at present, it is unknown what
happens when a bubble interacts with a cold front (Walker et al. 2018). Some simulations
(Fabian, Zuhone, and Walker 2022) indicate that the bubbles should get destroyed as they pass
through the cold front but this has not been tested observationally. In this project, I would study
galaxy clusters observed by Chandra which feature both cold fronts and bubbles to explore what
fraction of them have bubbles that have survived going through a cold front.
BACKGROUND
It is theorized that at the center of every large galaxy is a supermassive black hole. Certain
galaxies are active meaning that their black hole is accreting matter and causing above average
luminosity in some portion of the electromagnetic spectrum, a range of wavelengths and
frequencies of light. These events are termed as active galactic nuclei. The accreting matter
around a black hole builds up and releases the energy as two jets, or bubbles, across from each
other that move throughout the galaxy as shown in Figure 1. Merger galaxies occur when two
galaxies collide with each other. It is not often that galaxies will collide head-on. Rather, it is
more likely the galaxies will sideswipe each other. Figure 2 illustrates the sloshing at the center
of the galaxy this event causes, which then produces the spiral shaped cold front. These cold
fronts are pronounced disruptions in surface brightness and temperature around the center of the
galaxy.

Figure 1: AGN Jets

Figure 2: Spiral Pattern of Cold Fronts
Caused by Sloshing
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AIM
The goal of this research project is to use Chandra X-Ray observations to test the hypothesis of
the computer simulations.
METHODOLOGY
This research project requires the use of Chandra Webchaser which is an online archive of
Chandra data. CIAO and HEASoft are software packages needed for analysis of astronomical
observations from the Chandra observatory. This project only requires the use of a laptop and
software which I have already obtained. It is possible to do this project entirely remotely with
Zoom meetings if the need arises due to Covid-19. I have completed a trial study using the
Ophiuchus galaxy cluster. It takes approximately 2 hours to download the Chandra data into an
image and another hour to analyze it. I would like to sample 30 galaxy clusters in total for this
project. I would spend the first five weeks compiling the data into images. Then I will spend the
next three weeks analyzing the data to see if bubbles appear outside of the cold fronts. The last
two weeks would be spent creating a report of my findings.
EXPECTED OUTCOME
The computer simulations suggest that the bubbles produced by the black hole should deteriorate
as they move through the cold front of the galaxy. If the simulations are correct, I should detect
observational evidence corroborating this theory.
TIMELINE
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